Depth and rate of chest compression in CPR simulation during 10-minute continuous external cardiac compression
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INT RO D UCT IO N
External cardiac massage has been a basic CPR maneuver for years. The American Heart Association (AHA) guidelines published in 2010 emphasize the critical significance of prompt basic life support (BLS) in individuals with cardiac arrest [1] . Chest compression should be undertaken immediately in order to restore oxygen distribution to critical tissues and, in this way, to minimize the risk of progressive oxygen deficiency and raise the chances of survival [2, 3, 4] . The importance of the quality of maneuvers has been underlined, especially the quality of chest compression (with or without ventilator pauses) with a focus on its depth [5, 6] . At the same time, it has been noted that effective chest compression during CPR is an activity requiring specific physical fitness.
It has also been pointed out that the increasing fatigue of the rescuer has an impact on the quality of chest compression and may be difficult to perform by physically unprepared individuals who do not always have the sufficient skills [7, 8, 9, 10] . The 2010 AHA guidelines emphasize a compression rate of at least 100/min and a compression depth of at least 2 inches (5 cm) [1, 6, 11] . What is more, it has been noted that simplification of life support guidelines more effectively encourages people to have an active attitude and support other people in a life-threatening condition. An example of such a simplification is the continuous chest compression CPR (CCC-CPR) guideline as an alternative to a standard CPR procedure [3, 12, 13] . Prompt CPR is one of the most important elements in the "chain of survival": it helps to save life, limits the post-CPR neurological deficit and is a predictor of survival in non-hospital cardiac arrest [2, 3] .
Cardiac compression (especially CCC-CPR) is a difficult maneuver currently requiring an increased compression depth, and thus greater effort from the rescuer. The focus of the study is to find the factors that might influence the quality of chest compression during CCC-CPR.
AIM OF T H E S T U D Y
A prospective assessment of the quality of chest compression during a real-time CCC simulation on a CPR mannequin (considering medical rescuer experience and BMI).
MAT E RI AL AN D ME T H OD S
This was a prospective study involving medical rescuers, first year university students of Medical Rescue, and doctors -university lecturers. The study was conducted within the KNW-1-164/N/3/0 project with approval of the Medical University of Silesia bioethics committee in Katowice. The participants of the study were divided into two groups: group I including 17 professionally active medical rescuers, and group II -including 21 medical university students and lecturers, who at the time of the study were no longer active rescuers. All the participants were theoretically and practically prepared as far as BLS was concerned. During the simulation, each of the participants performed continuous external cardiac compression (CCC-CPR) in accordance with the 2010 AHA guidelines. The simulation was performed until the endpoint of 15 minutes or until refusal to continue the task. During the study, the participants involved were in a room, in stable temperature conditions, with no current feedback on the time spent on the activity or the correctness of the performed maneuver. The mannequin was situated on the floor and each rescuer performed the resuscitation activities kneeling on the right side of the mannequin. The equipment used was the Ambu Cardiac Care Man that enables the function of continuous recording of control parametres, i.e. with a depth and rate of compression resistance of 9.0 N/cm 2 . The compression depth and rate data were continuously recorded during the whole simulation. The measured data (depth and rate) were analyzed at 60-second intervals, leading to average values of cardiopulmonary resuscitation effectiveness. Analysis of the results was based on the data from all the study participants, gathered in real time during the 10 minutes of performing the task, including refusal to continue the procedure by one of the participants as the time of completion of all the trials.
The statistical analysis was based on the data analysis software system STATISTICA, v.10, a product of the StatSoft, Inc. (2011) creator. Firstly, the sample distribution was estimated by means of the Shapiro-Wilk test. In the comparison of time results in the particular participant groups, the multi-factor analysis of variance (MANOVA) was applied to data repeated with the post-hoc Bonferroni test. In the analysis of the correlations between the parameters, the Pearson productmoment correlation was implemented. All of the values recorded during the study were included in the correlation. The data is presented as the mean and standard error. P < 0.05 values were adopted as statistically significant.
R ES ULT S
In the study, there was only one instance of reaching the endpoint of the tenth minute of performing the task. The reason for finishing the task before the expected 15 minutes was wrist pain in the hand directly connected with the chest. Such pain was a dominant complaint reported by 35 (92.1%) participants of the study. Among other rescuer complaints, there were 32 of (84.2%) knee pain and 17 (44.7%) lumbosacralis area cases reported. Other participants of the study could continue with the task longer than the expected 15 minutes. None of the participants complained of excessive fatigue. The average participants' height in group I amounted to 179.4 (sd ± 4.7) cm, body mass in 85.1 (sd ± 12.4) kg, and BMI 26.4 (sd ± 3.4). In group II, the average height was 179.8 (sd ± 4.6) cm, body mass 80.1 (sd ± 11.0) kg, BMI 24.7 (sd ± 2.9). There was no significant difference between the values. The following table presents the significance index values of the analyzed parameters in the multi-factor analysis of variance (Tab. I). Fig. 1 and Fig. 2) . Another important factor influencing the quality and depth of chest compression was in favor of professionnally active medical rescuers. The average compression depth in the complete duration of the study amounted to 36.03 SE ± 1.22 mm in non-professionals and 40.06 SE ± 1.37 mm in professionally active participants (Fig. 3) .
In all the cases of the study, independent of the division into two groups, the significant factors differentiating chest compression values were time and BMI. In the participants with a BMI > 25, the only differentiating point in time was the beginning of the task when the average compression depth was 41.97 SE ± 1.12 mm. In the later minutes of the task, there were no reported differences between the results. As far as participants with a BMI < 25 were concerned, there was a gradual decrease in the compression depth within the initial four minutes of the task. Starting from the fifth minute of the task, there was a significant chest compression decrease (37.16 SE ± 1.38) that led to the value of 35.02 SE ± 1.49 in the tenth minute (Fig. 4) . 
DI S CU S SI O N
The effectiveness of CPR depends on a proper chest compression depth and rate [2, 6] . We have studied CCC performed by potential and experienced rescuers to verify if the best correlation of chest compression depth and rate with time is possible to be estimated. A rescuer performing CCC may find it difficult to subjectively assess the compression depth and rate Chest compression depth (mm)
Vertical bars indicate 0.95 confidence intervals during external cardiac compression [10] , which could also be observed in this study. The average chest compression depth gradually decreased during the task and in the 2 nd minute the depth was already insufficient (< 40 mm). This is connected with a potential risk of low-quality cardiac massage, especially when experimental research and the 2010 AHA guidelines are taken into account [9, 14, 15] . However, it has also been noted in studies by other authors that chest compression quality depends on the biometrical factor (body mass), fitness and professional preparation of the rescuers. In those studies, the above mentioned elements are important factors predicting a properly performed maneuver [9, 16] . In this study, participants with a BMI > 25 were able to reach deeper compression during the whole task. Moreover, their depth compression values were quite stable from the 2nd minute of the observation till its end (average sternum deflection > 38 mm). The other participants of the study were not as effective as the participants with a BMI > 25. Another observation was that none of the participants managed to reach the expected sternum deflection < 50 mm. However, a continuous chest compression depth within time was noted in the participants with a BMI < 25. This leads to the risk of potential low effectiveness of the performed external cardiac massage [9, 14] . The accepted > 40 mm chest compression depth according to 2005 AHA guidelines could be reached only by professional medical rescuers. This indicates that effective use of the potential energy of rescuer body mass is a significant predictor of cardiac massage effectiveness. The factors confirming this observation in this study are the acceptable chest deflection values attained by professional rescuers (p = 0.035) with a higher body mass (p = 0.046). The other parameter influencing the effectiveness of external cardiac massage during CPR is a chest compression rate higher than 100/min [2, 6] . In this study, all of the rescuers maintained the expected compression rate that started with 121/min and systematically increased to finally reach 128/min in the last minute of the observation. The analysis of the chest compression rate fluctuation in this study indicates that the chest compression values observed here are in accordance with the prescribed values and, therefore, potentially lead to a more efficient cardiac massage [2, 5, 12, 13] . It should be pointed out that the prior experience of the professional group (the rescuers started in preselections for the Polish Medical Rescue Championships), has an influence on the correctness of the performed CCC-CPR. Therefore, frequent resuscitation training for both professionals and non-professionals may improve general CPR skills. Another important point is the recruitment expectations in selecting potential medical rescuers. The authors of this study are aware of the fact that it would be difficult to preselect candidates for the profession of a medical rescuer. However, according to the findings of this article and other sources [7, 8, 9] , it would be advisable to preferably accept well-built candidates of a certain body fitness. Inefficient chest compression depth is difficult to be objectively justified. Other sources indicate that fatigue might be the reason for rescuers refusal to continue resuscitation [9, 14] . Nevertheless, none of the participants of this study indicated fatigue as a reason for interrupting the maneuver. All in all, as the source of the phenomenon is not known, considering the research results by other authors, resuscitation performed by non-professional rescuers should involve rescuer change. This change should be made not later than every 2 minutes, otherwise the resuscitation may be ineffective [13, 14, 17, 18] . Another perspective has been taken as far as professional rescuers with a high body mass are taken into account; as already presented, professional rescuers are capable of effectively performing cardiac massage for a longer period of time. Having added the guideline of maximally limiting the number of pauses in cardiac massage [1, 6] , the authors of this article suggest amending the maneuver procedure in the case of professional rescuers. It has been assumed that it is possible to prolong the period of time between rescuer change even up to 10 minutes. This suggestion seems to be reasonable as none of the participants of this study mentioned fatigue, and in other sources, fatigue was the most frequently noted factor demanding rescuer change during external cardiac massage [10, 17, 19, 20, 21] . Other complaints (wrist pain, knee pain, lumbosacralis pain) indicated by the CCC-CPR rescuers were similar to those found in other sources but they came out relatively late during observation and were not a reason to stop resuscitation [22] . In this context, especially when the 2010 AHA guidelines are considered, the authors of the article claim that further studies on chest compression-improving predictive factors are needed.
CO NC LU SI O N S
1. Rescuer body mass is an important factor influencing proper chest compression depth during CCC--CPR. 2. Professional, experienced rescuers are capable of performing CCC-CPR longer than non-professionals, at the same time maintaining acceptable sternum deflection and compression rate.
